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We need to find sustainable development CLEWS: Climate, Land, Energy and Water

strategies. This is an acronym given to a set of methodologies that are being developed

at a number of leading institutions (including KTH). Some specific goals are to find out:

 How we can meet these common development needs in a sustainable manner

» What technologies and configurations of technologies are best going to help

* What policies are going to make this feasible and economically viable — and thereby
help reduce future conflicts

* And what happens if we do nothing...
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CLEWSs evolution —the application space

Geographical level

Global

Regional

National

Local

Increased horizontal integration

Integrated
assessment
models

Industrial ecology

Ecosystem approaches

Sectoral outlooks and
assessments

(Macro- economic /
systems Models)

Sectoral outlooks

and assessments

SEA

EIA

(shade of green: degree of Increased economic — biophysical integration)




Model evolution. Energy +
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Input
* Exogenous water and
energy demand Resources rmary S .
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Figure 4: Reference Energy-Water System (REWS) based on the South-African electricity
supply system
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Model type 1. Full integration

Input
e Land limits and yields

» Water balance

» Technology specification
* Exogenous demands

» Project orientated
Output

» Crop

o Water

* Energy

» CO2 balance

Jamaica, Mauritius,
Pacific

Climate

:
g
@
Fuel Fields t
nts pees
Runoffto -
Sea Wate .
Local Dams & : Pumping
p Storage [T>| Seepage [< gation
- s
Fossil Rivers & . Gravty
Wates Canals fpees Imigation
E
5 H
Waather i



http://www.sciencedirect.com/science/article/pii/S0301421511007282
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Model type 2. All soft-linked

Input

» Exogenous water, food
and energy demand

» Technology specification
- Water efficiency
- Energy efficiency

» Agro-ecological zoning

e Future weather
expectations

e Basin info
e Output
e Consisent scenairos

» Water, energy, food
balance

e Mauritius, Burkina
Faso

e

- Energy for water processing and
treatment

- Energy for irrigation

- Available water for hydropower
and irrigation

- Energy for desalination

- Water for power plant cooling

- Water for (bio-)fuel processing

\

- Energy for fertilizer production
- Energy required for field
preparation and harvest

- Sugarcane and other biofuel
J t feed stocks produced

crops (rain fed and irrigated)

- Water needs for sugarcane
(rain fed and irrigated)
- Water needs for alternative food and fuel
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And NASA data is used for each ...
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% Case Study 1: Mauritius
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Case Study 1: Mauritius
Switching from sugar to biofuel
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Reduced greenhouse gas
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Case Study 1: Mauritius
Integrating CLEWS Climate

[MWh]

Storage volume level of reservoirs in Mauritius

45
40
.
35 ﬂ ) e ‘\ 4
30
;E‘ 25 ——Reference Scenario
5 2 —— Average Case Reduced Rainfall
2 15 w—"WorstCase" Reduced Rainfall
10
5
0
2010 2015 2020 2025 2030
Additional energy demand for water in 2030 Additional greenhouse gas emissions in 2030
70,000
7 / Desalination 1,000,000 - Due to this additional
60,000 energy demand, overall
800,000 greenhouse gas
50,000 I Rest of Island - Pumping emissions increase.
for irrigation 600,000 - . .
40,000 g Electricity The additional demand is
Medine - Pumping for &' 400,000 generation largely met by coal-based
e irrigation % electricity generation.
' =, 200,000 These emissions cannot
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10,000 -200,000 . Gasoline refining transport sector due to
H Rest of Island - Pumping 1%t generation ethanol
. for urban demand -400,000 production.
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Case Study 1: Mauritius

Oportunities ...!!

What the engineers see:

1. Electricity is expensive to store

2. The penetration of intermittant
renewables is limited

3. So stick with coal

4. Electricity planners see a growing
fixed demand (inc. Desal)

5. Water planners see desal water as
expensive putting agriculture at risk

6. Limited scope to reduce demand

But:

Storing water is cheap (compared to
electricity)

You consider desalinating water as a
load that can easily be shifted
Further, there is potential for smart
water pumping (another variable load)
Allows for large penetrations of RE
Ups water, food and energy security

12




Case Study 2: Burkia Faso

Total Future Land Requirements for the 10 major crops under current yield after projecting popultion growth in BF

30000 m—— Forest ared
s Build Up Land
m— Steppe
s Other Land (savanas and mixed vegetation)
_—— Permanent meadows and pastures
_ Arable land « permanent crops (2010)
Total Agricultural Land requirements
Land for Staple Crops (Sorghum / Millet / Maize /

Cow Peas = together 79% of agricultural area)
Cotton

today 2020 2030 2040 2050

Total Future Land Requirements for the 10 major crops under improved yield (Intermediate Input Scenarion from
the AEZ model) following population growth and cotton outlook in Burkina Faso

30000
[ Forest area

25000 [ Build Up Land plus another unsuitable land

m— Steppe

20000
mmmmm Other land (savanahs and mixed vegetation)

15000 mmm Permanent meadows and pastures

1000 hectares

mmmmm Arable land + permanent crops (2010)

10000
Total Agricultural Land requirements

5000 Land for Staple Crops

Cotton

today 2020 2030 2040 2050




Case Study 2: Burkia Faso

Figure 1: Effects of Intensification of Agriculture Compared to Business-as-
Usual

Changes in the Energy Balance in 2020

40,000

An intensification of agriculture associated
with ‘intermediate input levels” would
require an increased energy input for
mechanisation and as well for the
production of fertilizer.

20,000

0 |
-20,000 | Fertilizer Production

-40,000 -

m]

-60,000 This increase is small compared to the
B Mechanisation of

Agriculture biomass energy that could be sustainably
harvested from the land that would
otherwise have been converted to crop land

-80,000 -
-100,000 -

M 'Annual Harvestable'
Energy Content

-120,000 -

The fuel wood energy potential is calculated
based on harvestable yields available land-
types (e.g., forest, savannah, meadows)
not displaced to the expansion of cropland.

-140,000

-160,000
Reduced energy balance due to
reduced land-use change

Key Assumptions

« An additional energy input for mechanisation of 1 GJ/ha
« An additional fertilizer input of 50 kg N/ha
« A fuel wood yield in savanna and mixed vegetation of 35 m3/ha and 250 m3/ha in forests



Case Study 2: Burkia Faso

Figre 2: Effects of Intensification of Agriculture Compared to Business-as-
Usual

Changes in Greenhouse Gas Emissions in 2020

10,000,000 An intensification of agriculture associated
with ‘intermediate input levels’ would as well
significantly reduce the overall greenhouse

Fertilizer - Production gas balance compared with the business-as-
usual case.

0 -
-10,000,000 -

-20,000,000 - Fertilizer - Application
The largest increase in emissions is

® Mechanisation of associated with the production of fertilizer.

Agriculture

[tonnes CO,-eq]

-30,000,000 -

-40,000,000 - 'é‘;z;d;: Land-Use This increase is outweighed by the
reductions in emissions due to the reduced
need to convert meadows, savannah and
forests into agricultural land.

-50,000,000

-60,000,000

Significant greenhouse gas reductions

Key Assumptions

« An additional energy input for mechanisation of 1 GJ/ha, all from diesel

« An additional fertilizer input of 50 kg N/ha with natural gas as its main energy input

» Average greenhouse gas emissions of 135 tons of CO,/ha for converting savanna and meadows
into crop land and 600 tons of CO,/ha for converting forests



Case Study 2: Burkia Faso

Figre 3: Biofuel Production and its Share in Total Energy Requirements for

Pumping

Energy Requirements for Pumping in 2020

600

If Jatropha for biofuel production is grown in the

500 1 South on 1% of the agricultural land, the related

~ Additional Pumping if energy requirements for pumping of 140 TJ] would
400 . ﬁtr;’:hawammwn'” amount to 4% of the current electricity demand of
o 950 GWh (=3,420 TJ). The yearly biofuel output

= Pumping for Jatropha would be 1,630 T1.

300 —— ~———  Production in the South

(W]

2 Pumping for Rural More than three times of the energy for pumping

200 Domestic Demand (equalling 460 TJ in total) would be required to grow
Jatropha in the North. While the required irrigation

100 . = Il Pumping for Urban levels in the North would deplete groundwater
7 Domestic Demand resources, it would also significantly deteriorate the

energy balance of biofuel production.

In 2020, meeting both urban and rural water

. .. . demand requires a similar amount of energy. This
Energy requirements for irrigation are much will change in the future, when urban demand will

lower if Jatropha is grown in the South. dominate.

Key Assumptions

« 300 mm of irrigation required to grow Jatropha in the South, 1,000 mm to grow it in the North
« A pumping efficiency of 50% and an average pumping depth of 50m
* 50% of the urban and 70% of the rural population rely on groundwater
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Some concluding thoughts ...

» Large scope for improving integrated
solutions

» Give the potential resource crunches and
climate vulnerabilities such an approach
is needed to look at facility security

* Allows one to consider ‘embodied’
resources throughout ...

» Development of a CLEWs model with
GIS-0SeMOSYS

» A global CLEWs model is starting with

S Climate landUse -~ UNDESA
» Very initial steps to develop a city level
| | 1 model
@S E I Water Energy . .
» Without NASA data none of this would be
& (V) possible without much much more effort
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